A b s t r a c t Varroa destructor is a parasitic mite of the Western honey bee. The activity of five antioxidant enzymes of V. destructor were analysed. Glutathione content and total antioxidant status was also evaluated. Our results suggest that antioxidant enzymes constitute the main line of defense against ROS in V. destructor, whereas low-molecular-weight antioxidants play a limited role in the antioxidant system of mites.
INTRODUCTION
V. destructor is considered one of the major causes of bee-colony depopulation. This mite acts directly by consuming the brood/adult bee hemolymph, and indirectly by vectoring viruses and causing immunosuppression in bees (Wilfert et al., 2016) . Antioxidants play a significant role in parasitehost interactions (Sorci & Faivre, 2009; Lipiński & Żółtowska, 2005) . Therefore, the aim of this study was to investigate the poorly known antioxidant defense system of V. destructor (parasite) for further comparison with the better described (by other authors) antioxidant potential of A. mellifera (host).
MATERIAL AND METHODS
Mature female mites were acquired from the capped worker brood. This was brood originating from 10 bee-colonies. Acaricides had not been used in the apiary for the two years preceding this study. The experimental material was handled and mite extracts were prepared as described by Frączek et al. (2012) . The activity of total superoxide dismutase (SOD) was determined using the SOD assay kit (Sigma-Aldrich). The activity of mitochondrial SOD (MnSOD) was measured using KCN as an inhibitor for Cu/Zn SODs. The activities of catalase (CAT), peroxidase (POX), glutathione peroxidase (GPX), and glutathione peroxidase (GST), and GSH contents were determined according to the methods proposed by Farjan et al. (2014) . Total antioxidant status (TAS) was measured with the Randox TAS kit. The mean values of enzyme activity and SD were calculated using Excel functions.
RESULTS AND DISCUSSION
The activity of CAT was high in comparison with the activities of the remaining antioxidant enzymes of V. destructor (Tab. 1). The activities of CAT, total SOD, and POX were higher in the mites than the activities reported by Farjan et al. (2014) in honeybees, thus enabling the parasite to limit damage caused by reactive oxygen species (ROS) produced in response to apian (host) cuticle wounding (Strachecka et al., 2012; Sorci & Faivre, 2009) , and therefore, facilitate the host infestation. We revealed that in V. destructor, MnSOD was responsible for approximately one-third of the total SOD activity, which could point to a high rate of mitochondrial Antioxidant defense system of Varroa destructoŕ , metabolism and/or significant electron leakage in its respiratory chain (Gerson et al., 1991) . Non-specific POX activity was higher than GPX activity, which indicates that POX can play a greater role in scavenging hydrogen peroxide in the Varroa mites than specific GPX in honeybees (compare; Strachecka et al., 2014) . The activity of GST responsible for detoxification, was three-fold lower in the mites we exam than that found by Strachecka et al., (2014) in honeybees.
Glutathione concentrations were also lower in the parasites than in A. mellifera examined by Farjan et al., (2014) . Such a low GSH content could be responsible for low TAS values in V. destructor in our study. Total antioxidant status of the mite was lower than those in honeybees (Strachecka et al., 2014) . A comparison of antioxidant activities in V. destructor (Tab. 1) and honeybees (Farjan et al., 2014) suggests that CAT, SOD, and POX constitute the first line of the mite's defense against the host's ROS facilitating the host infestation, whereas GPX and low-molecularweight antioxidants play a limited role. The activities of GST, esterase, and cytochrome oxidase, may be used for monitoring the pesticide resistance of V. destructor (Gerson et al., 1991; Strachecka et al., 2015) . Glutathione transferase activity determined in our study in the Varroa mites, was higher than that reported by Gerson et al. (1991) 25 years ago, which could point to the adaptation of the mite detoxifying system to pesticides. Pesticides affect DNA methylation in V. destructor (Strachecka et al., 2015) . This means that pesticides may change the expression of the proteins, including antioxidants. Pesticide-sensitive and pesticide-resistant parasites should be analysed to confirm this hypothesis. 
